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(57)Abstract: 

PURPOSE: To make the surface of a semiconductor substrate flat by 
grinding a film deposited on the substrate on which an irregular pattern 
is formed while the thickness of the film is always monitored with a 
grinding device equipped with a single or plurality of grinding heads 
which are sufficiently smaller than the substrate. 

CONSTITUTION: After sticking a silicon substrate 1 1 on which a film is 
deposited after forming an irregular pattern to a substrate holding 
turntable 13 turning on its axis with the main surface of the substrate 

11 up, the main surface of the substrate 1 1 is ground by moving a 
grinding head 12 turning on its axis in the radial direction of the head 

12 while the head 12 is press-contacted with the main surface. During 
the grinding operation, the average film thickness of the substrate 11 
on its circumference is always monitored with a film thickness 
measuring device, since the detecting head section 14 of the measuring 
instrument is controlled so that the section 14 can be always 
positioned on the same circumference as that of the head 1 1 on the 
substrate 1 1. Film thickness data are sent to a computer and the 
grinding is carried on toward the central part from the outer peripheral 
section or toward the outer peripheral section from the central part of 
the substrate 11 while the position or grinding amount of the head 12 is 
controlled based on the film thickness data. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The flattening method of the semiconductor substrate characterized by grinding the aforementioned film on the 
aforementioned substrate to rotate, and carrying out flattening of the aforementioned substrate front face with polish 
equipment with the polish head smaller than the aforementioned substrate, always detecting the thickness of the 
aforementioned film after depositing a film on the substrate front face in which the uneven pattern was formed. 
[Claim 2] The flattening method of a semiconductor substrate according to claim 1 that the position of a polish head smaller 
than the aforementioned substrate which grinds the aforementioned substrate by moving to radial [ of a substrate ], rotating, 
and the position of the detection head section of thickness-measurement equipment are characterized by controlling the 
position of the detection head section of the aforementioned thickness-measurement equipment as it is always on the same 
periphery on the aforementioned substrate. 

[Claim 3] The flattening method of the semiconductor substrate according to claim 2 characterized by always acting as the 
monitor of the thickness distribution within a substrate side by measuring thickness, making the detection head section of 
thickness-measurement equipment move reciprocately to radial [ of a substrate ] regardless of the position of the polish 
head on a substrate earlier than the traverse speed of a substrate. 

[Claim 4] The flattening method of the semiconductor substrate according to claim 1 characterized by always acting as the 
monitor of the thickness distribution within a substrate side with the thickness-measurement equipment which equipped 
radial [ of a substrate ] with two or more thickness detection heads located in a line with the single tier. 
[Claim 5] The flattening method of the semiconductor substrate according to claim 1 characterized by having two or more 
polish heads. 

[Claim 6] The flattening method of the semiconductor substrate according to claim 5 characterized only by rotating by not 
moving two or more polish heads. 

[Claim 7] The flattening method of a semiconductor substrate according to claim 6 that the medial axis of two or more polish 
heads is characterized by making it not lap with the medial axis of a substrate. 

[Claim 8] The flattening method of the semiconductor substrate according to claim 6 characterized by covering with two or 
more polish heads densely on a substrate. 

[Claim 9] The flattening method of the semiconductor substrate according to claim 6 characterized by making it make a 
substrate revolve around the sun only not only in own rotation. 

[Claim 10] The flattening method of the semiconductor substrate according to claim 6 characterized by grinding installing 
each detection head section of thickness-measurement equipment equipped with two or more detection head sections in the 
arbitrary positions where a polish head does not exist on a substrate, and always detecting a thickness distribution of the 
aforementioned film. 

[Claim 11] The flattening method of the semiconductor substrate according to claim 6 characterized by controlling the 
rotational frequency of two or more polish heads for each head of every based on the thickness distribution data of the film 
on a substrate. 

[Claim 12] The flattening method of the semiconductor substrate according to claim 6 characterized by controlling the 
pressure put on two or more polish heads based on the thickness distribution data of the film on a substrate for each head 
of every. 

[Claim 13] The flattening method of the semiconductor substrate according to claim 6 characterized by controlling the 
amount of supply of the solution which contains the abrasive material supplied on the aforementioned substrate front face 
from two or more polish heads based on the thickness distribution data of the film on a substrate for each head of every. 
[Claim 14] The flattening method of the semiconductor substrate according to claim 6 characterized by controlling the 
temperature of two or more polish heads for each head of every based on the thickness distribution data of the film on a 
substrate. 

[Claim 15] After irradiating the white light and searching for the wavelength dependency of the reflection factor of the 
aforementioned substrate on a substrate with a concavo-convex pattern, by carrying out the Fourier transform of the 
spectrum of the aforementioned reflection factor The reflection factor spectrum from the film which deposited the 
aforementioned reflectance spectrum on the heights of the aforementioned uneven pattern, The flattening method of the 
semiconductor substrate according to claim 1 characterized by measuring simultaneously the thickness of the film deposited 
on the membranous thickness and membranous heights which divided into the reflection factor spectrum from the film 
deposited on the crevice of an uneven pattern above, and were deposited on the crevice of the aforementioned uneven 
pattern. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the flattening process in manufacture of a semiconductor device. 
[0002] 

[Description of the Prior Art] An element manufacturing process becomes in three dimensions increasingly, and the level 
difference of equivalent to the processing size needed for the substrate of a semiconductor or the height beyond it comes 
to be formed as the degree of integration of LSI improves and detailed-ization of an element progresses. If it leaves the level 
difference which has such a steep and complicated configuration in a substrate to the substrate as it is, various problems as 
shown below will arise. 

[0003] (1) Since the optimal focal positions differ by the upper and lower sides of the level difference section at a photo 
lithography process, pattern precision deteriorates. 

(2) At an etching process, if the thickness in the level difference section becomes thick in order to use anisotropic etching, it 
will be easy to produce the etching remainder. 

[0004] (3) If the metal of wiring material is deposited by the spatter etc., the coverage of the film in the level difference 
section will fall, and the reliability of wiring will fall. 

The technology of advancing processing is becoming increasingly important, losing a level difference to a substrate and 
carrying out flattening of the front face to it in an LSI manufacturing process, in order to solve such a problem. 
[0005] As a conventional flattening method, the applying method (SOG (Spin no Glass)), fluidization (BPSG flow), the 
etchback method, etc. have mainly been used (for example, Seijiro Furukawa s micro-machining admission Ohm-Sha Ltd. 
1989). However, by these methods, although the local comparatively flat front face could be obtained, the flatness which can 
be satisfied in the comparatively large range covering several mm was not obtained. It is becoming impossible moreover, to 
be satisfied also about iocai flatness with nigh integration of the latest LSI. 

[0006] The method of needing with chemical machinery polish as a method of reaching far and wide and obtaining a flat front 
face attracts attention (for example, S.Sivaram et al. SolidState Tech. May 1992 p.87). After this method deposits a film on 
the semiconductor substrate front face in which the pattern was formed, it cuts off heights by polish and it carries out 
flattening of the front face. It is shown that a substrate front face reaches far and wide very much by this method, and 
various metals (aluminum, W, Cu), an oxide, etc. which were deposited on the semiconductor front face are ground by 
flatness now. 

[0007] An example of the flattening method by the above-mentioned chemical machinery polish is explained referring to a 
drawing below. The important section of the polish equipment used for the above-mentioned chemical machinery polish is 
shown in d rawing 6 . 

[0008] In drawing 6 , the sign 1 shows the substrate presser-foot fixture, and after forming a detailed uneven pattern by the 
repeat of film deposition, photo lithography, and dry etching, the substrate 2 which deposited the film on the whole surface 
has pasted the undersurface of this substrate presser-foot fixture 1 removable for example, by vacuum adsorption. The 
abrasive cloth 4 is formed in the upper surface of a turntable 3 in which it is located under the substrate presser-foot fixture 
1 on the other hand. While carrying out a pressure welding to the abrasive cloth 4 of a substrate 2 with the aforementioned 
substrate presser-foot fixture 1, the principal plane of the substrate 2 pasted up on the undersurface of the substrate 
presser-foot fixture 1 is ground by rotating a turntable 3 and the substrate presser-foot fixture 1. To an abrasive cloth 4, 
the solution containing abrasive materials, such as colloidal silica of weak alkalinity, is supplied as a slurry in the case for 
example, of silicon-oxide polish in that case. Moreover, a polyurethane pad etc. is used as a polish pad on a turntable 3. 
[0009] 

[Problem(s) to be Solved by the Invention] However, it is very difficult to, grind the substrate 2 which passed through various 
processes with a sufficient precision extensive moreover by the above polish methods. Usually, by aging of abrasive-cloth 4 
self, if it is in polish using the above polish equipments, the problem that polish speed falls arises as polish progresses. 
Therefore, although an abrasive cloth 4 is reproduced or operation of making polish time increase experientially in 
consideration of the fall of polish speed etc. is needed whenever it processes one substrate 2, in any case, it is hard to say 
that a controllability is good. In order to raise a controllability, it is necessary to detect the thickness of the film on a 
substrate 2 on that spot during polish. However, with the above composition, since the whole surface of the principal plane 
of a substrate 2 is in contact with the abrasive cloth 4, thickness of the film deposited on the principal plane of a substrate 2 
during polish cannot be measured. 

[0010] Furthermore, although the substrate 2 which passed through various processes has generally curved in a convex or 
concave, with the above polish equipments, only the core of a substrate 2 will be alternatively ground as it is the case where 
could not grind the film deposited on the substrate 2 which curved uniformly, for example, it curves in a convex. 
[0011] this invention was made in view of this point, and aims at offering the flattening method of the substrate 
characterized by performing polish with a very sufficient controllability which is not influenced by aging of an abrasive cloth 
which grinds the film deposited on the substrate front face of a semiconductor. Furthermore, this invention aims at offering 
the flattening method of the substrate which can grind the film deposited on the substrate which curved uniformly, even 
when the substrate has curved in a convex or concave. 

[0012] About the purpose of others of this invention, and the new feature, it will become whether to be Ming from 



description and the accompanying drawing of this specification. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention grinds the aforementioned 
substrate with polish equipment equipped with the polish head smaller than the substrate of a semiconductor. The field 
where a polish head does not exist exists on a substrate, thickness is measured on that spot during polish using the portion, 
and the terminal point of polish is detected correctly. 

[0014] Furthermore by this invention, it grinds using the thickness detection equipment which was made to move the 
detection head section of thickness detection equipment in a substrate top, or was equipped with two or more detection 
head sections, acting as a monitor on that spot, while grinding the thickness distribution within a substrate side. The 
aforementioned film is ground controlling the position of a polish head, the pressure put on a polish head based on the 
aforementioned thickness distribution data. Furthermore by this invention, two or more polish heads smaller than a substrate 
are used simultaneously. Furthermore, by this invention, it covers with two or more polish heads sufficiently smaller than the 
substrate which only rotates on a substrate, and they are ground. 
[0015] 

[Function] It is possible to always grind the desired amount of polishes, without being influenced by aging of a polish head 
since it is possible to detect the thickness of the film always deposited on the substrate during polish according to this 
invention. Moreover, a polish head is smaller than a substrate enough, and since the space on most front faces of a 
substrate is exposed, it is possible to compute on that spot using the thickness detection equipment which was made to 
move the detection head section of thickness detection equipment in a substrate top, or was equipped with two or more 
thickness detection head sections, while grinding the thickness distribution within a substrate side. Based on the thickness 
distribution within the aforementioned substrate side, the position of the aforementioned polish head and the amount of 
polishes by the aforementioned polish head are controlled, and it becomes possible to also grind uniformly the film deposited 
on the substrate which curved how. That is, when grinding only a periphery preferentially when the substrate has curved in 
concave, or having curved in the convex, it can prevent grinding only a core preferentially. The fall of the polish speed by 
using a small head is prevented using further two or more polish heads, and a polish speed of the same grade as a 
conventional method is obtained, having the feature which was excellent in the above. 
[0016] 

[Example] (Example 1) With reference to a drawing, one example of this invention is explained below. 

[0017] The important section of the polish equipment used by this invention is shown in drawing 1 - In drawing 1 , the sign 13 
shows the substrate maintenance turntable. After forming an uneven pattern by film deposition, photo lithography, and the 
repeat of etching on the substrate maintenance turntable 13, the diameter of 150mm or the 200mm silicon substrate 1 1 
which performed film deposition has pasted up for example, by vacuum adsorption. In this example, the substrate 
maintenance turntable 13 is designed so that it may only rotate. On the other hand, in the upper surface of a silicon 
substrate 1 1, it is smaller than a silicon substrate 1 1 enough, for example, the polish head 12 with a diameter of 50mm is 
arranged on it. The polish head 12 has structure which can move to radial [ of a silicon substrate 11 ], rotating. On the other 
hand, the detection head section 14 of thickness-measurement equipment is installed in the polish head 12 on a silicon 
substrate 11, and a symmetrical position. Synchronizing with the radial movement of the silicon substrate of the polish head 
12, the detection head section 14 of thickness-measurement equipment is constituted so that it may move to radial [ of a 
silicon substrate ]. 

[0018] Next, the procedure of flattening by the polish using this equipment is described. The principal plane of a silicon 
substrate 11 is ground by making the polish head 12 rotate to it, and making it move a silicon-substrate 1 1 top to radial [ of 
a silicon substrate 11 ], while carrying out the pressure welding of the polish head 12 to the principal plane of the silicon 
substrate 1 1 pasted up on the substrate maintenance table 13. At this time, rotation of the substrate maintenance table 13 
is also performed simultaneously. When grinding the silicon oxide deposited on the silicon substrate 1 1, as an abrasive 
material, colloidal silica is distributed in solution, for example, and that by which PH adjustment was carried out is used for 
weak alkalinity by KOH. An abrasive material is supplied on a silicon substrate 11 from the center of the polish head 12. 
Moreover, for example, a polyurethane pad is attached in the polished surface of the polish head 12, and let this be an 
abrasive cloth at it. During polish, since the detection head section 14 of thickness detection equipment is controlled to 
always be located on the same circle as the polish head 12 on a silicon substrate 11, it always acts as the monitor of the 
thickness of the average on the periphery in which the polish head 12 on a silicon substrate 1 1 exists with thickness- 
measurement equipment. The thickness data obtained by thickness detection equipment are sent to a computer, and a 
computer advances polish toward a core or the core of a silicon substrate 11 to the periphery section from the periphery 
section of a silicon substrate 11, controlling the position of the polish head 12, the pressure put on the polish head 12, the 
rotational frequency of the polish head 12, the amount of the abrasive material supplied from the polish head 12, the 
temperature of the polish head 12, etc. based on the aforementioned thickness data. 

[0019] Since it is grinding acquiring the thickness of an average of the periphery section currently ground to the practice on 
a silicon substrate 11 according to this example, polish can be correctly ended by desired remnants thickness. Moreover, 
since it is grinding always acquiring the thickness of a polish portion from a silicon substrate 1 1 as another large feature of 
this example using the sufficiently small polish head 12, not only the film deposited on the flat silicon substrate 11 but the 
film deposited on the silicon substrate 1 1 which curved in a convex or concave can be evenly ground in the form where it 
curved in the configuration of a silicon substrate 11. That is, when grinding only a periphery preferentially when the silicon 
substrate 1 1 has curved in concave, or having curved in the convex, it can prevent grinding only a core preferentially. 
[0020] In this example, while it does not grind from the periphery section of a silicon substrate 1 1 by moving from a core or 
the core of a silicon substrate 11 only at once toward the periphery section and target polish thickness grinds the polish 
head 12 about 1/100 per round trip, it can grind flatly more by repeating movement to radial [ of the silicon substrate 11 of 
the polish head 12 ], and performing it. 

[0021] In this example, the detection head section 14 of thickness-measurement equipment was moved synchronizing with 
the position of the polish head 12, and it controlled so that the detection head section 14 always existed on the same 
periphery on the polish head 12 and a silicon substrate 11. As another method of acting as the monitor of the thickness of 
the average on the same periphery as the point of polish, the position of the thickness detection head section 14 is not 
synchronized with the position of the polish head 12, for example, there is a method of making a silicon-substrate 11 top 
move reciprocately at about 10 times [ of the traverse speed of the polish head 12 ] speed, always acting as the monitor of 



the thickness toward radial. Since it is possible to advance polish according to this method, the thickness distribution not 
only the thickness on the periphery under present polish but on a silicon substrate 1 1 being obtained, and grasp.ng the 
situation of the polish over the silicon-substrate 11 whole, the fiat nature of the silicon substrate 11 after polish can be 

raised more. ..... * 

[0022] Furthermore by arranging in a single tier the detection head section 14 of the thickness-measurement equipment 
which equipped radial [ of a silicon substrate 11 ] with two or more thickness detection head sections 14 instead of the 
detection head 14 section of the thickness which moves at the aforementioned high speed Since it is possible to advance 
polish while the thickness distribution on a substrate 11 is obtained on real time and grasps the situation of the polish 
covering the silicon-substrate 11 whole, the flat nature of the silicon substrate after polish can be raised more. 
(Example 2) The polish method of the substrate of an example 1 is a very simple method, and is the method of haying been 
very much excellent which can judge the terminal point of polish correctly. However, since the polish head is small polish 
speed falls from the conventional example, this example is related with the polish method which raises polish speed, having 
all the features of an example 1. ... . . . „ -p. „ ~f 

[0023] The important section of the polish equipment used by this invention is shown in drawing 2 The composition ot 
equipment is almost equivalent to the polish equipment ( drawing 1 ) of an example 1 . As a difference from an example 1 , 
three polish heads 22 exist and each is controlled independently. Each polish head 22 is designed so that it can move to 
radial [ of a silicon substrate 21 ] freely, and it is also possible that each also exists on the same periphery on a silicon 
substrate 21 and to be located in arbitrary positions. Moreover, the thickness-measurement equipment equipped with two or 
more polish heads of example 1 publication as thickness detection equipment is used, and the thickness detection head tra.n 
24 is arranged radial [ of a silicon substrate 21 ]. 

[0024] The procedure of flattening by the polish using this equipment is fundamentally equivalent to an example 1 except 
three polish heads 22 existing. It acts as the monitor of the thickness distribution of the film on a silicon substrate 21 on real 
time with thickness-measurement equipment equipped with two or more detection head trains 24. Based on the 
aforementioned thickness distribution data, the amount of the abrasive material supplied from the pos.t.on of each polish 
head 22, the pressure put on each polish head 22, the rotational frequency of each polish head 22, temperature, and each 
polish head 22 etc. is controlled independently, and a silicon substrate 21 is ground evenly. 

[0025] Since thickness data are covered over the control section of the polish head 22 for feedback, acquiring the thickness 
of the periphery section currently ground to the practice on a silicon substrate 11 like an example 1 according to this 
example polish can be correctly ended by desired remnants thickness. Moreover, since it is grinding always acquiring the 
thickness of a polish portion from a silicon substrate 21 using the sufficiently small polish head 22, not only the film 
deposited on the flat silicon substrate 21 but the film deposited on the silicon substrate 21 which met a convex or concave 
can be evenly ground in the form where it curved in the configuration of a silicon substrate 21. Furthermore, the above 
mentioned performance can be maintained, raising polish speed sharply from the polish method of an example 1, since it has 

two or more polish heads 22. +u u 

[0026] Although this example showed the case where the number of the po.isn head* ^2 was ...rcc, ,.ow many pieces «. - 
sufficient, and unless the number of the polish heads 22 can install the train 24 of the head section of thickness- 
measurement equipment and it interferes in the movement of each polish head 22 mutually, polish speed improves, so that 
the number of the polish heads 22 increases. ... , j 

(Example 3) The polish method of an example 1 and an example 2 has the outstanding feature that the film which deposited 
the terminal point of polish on the silicon substrate which curved in that it is correctly detectable and a convex, or concave 
can also be evenly ground in the form where it curved in the configuration of a silicon substrate, this example is the 
flattening method of the silicon substrate which carries out flattening of the silicon substrate (for example, silicon substrate 
from which the center of a convex or concave has shifted [ center / of a silicon substrate ] also in the silicon substrate 
which has curved in a convex or concave) in which not only the film deposited on the silicon substrate which the polish 
method of examples 1 and 2 was evolved further, and curved in a convex or concave but the front face was more intricately 
uneven to high speed more. With reference to a drawing, this example is explained below. 

[0027] The important section of the polish equipment used by this example is shown in drawing 3 . In drawing 3 , the sign 66 
shows the substrate maintenance turntable. After forming an uneven pattern by film deposition, photo lithography, and the 
repeat of etching on the substrate maintenance turntable 33. the silicon substrate 31 with a diameter of 200mm which 
performed film deposition has pasted up for example, by vacuum adsorption. On the other hand, two or more polish heads 32 
are densely covered with the whole surface of a silicon substrate 31 with the wrap form on the upper surface of a silicon 
substrate 31 The diameter of each polish head 32 is set to about 40mm. It differs in examples 1 and 2. and each pohsh head 
32 only rotates and the polish head medial axis 36 is being fixed. An abrasive material is supplied to the front face of a 
silicon substrate 31 from the core of each polish head 32. The crevice between each polish ****** 32 and the pohsh head 
32 is equipped with the detecting element 34 of a thickness detection machine, and the thickness in each point is measured 
on real time. 

[0028] Next the procedure of flattening by the polish using this equipment is described. While carrying out the pressure 
welding of two or more polish heads 32 with which it was covered on the silicon substrate 31 at the principal plane of the 
silicon substrate 31 pasted up on the substrate maintenance turntable 33, each polish head 32 is made to rotate and the 
principal plane of a silicon substrate 31 is ground. In the case of polish, as one of the features of this example, when not only 
rotation but revolution carries out the substrate maintenance table 33, the principal plane of a silicon substrate 31 is ground 
more to homogeneity. As an abrasive material in the case of polish, when grinding a silicon oxide, for example colloidal silica 
is distributed in solution, and since it is KOH, that by which PH adjustment was carried out is used for weak alkalinity. 
Moreover for example, a polyurethane pad pastes the polished surface of the polish head 32. and it is used for it as an 
abrasive cloth. It acts as the monitor of the thickness in each point under polish and on a silicon substrate 31 with thickness 
detection equipment with two or more detection head sections 34. The thickness data obtained by thickness detection 
equipment are sent to a computer, and a computer calculates the position on the silicon substrate 31 of each measurement 
point from the data of rotation of a silicon substrate 31. and revolution, and computes the thickness distribution data on a 
silicon substrate 31 on real time. A computer grinds a silicon substrate 31 evenly, changing the load applied to each polish 
head 32 based on the aforementioned thickness distribution data. 

[0029] According to this example, like examples 1 and 2. since thickness data are covered over the control section of the 
polish head 32 for feedback, always acquiring the thickness of the film on a silicon substrate 31, polish can be correctly 



ended by desired remnants thickness. Moreover, it becomes possible by not moving the polish head 32 sufficiently smaller 
than each silicon substrate 31, and fixing to a certain position on a silicon substrate 31 to install the head section 34 of 
thickness detection equipment between the polish head 32 on a silicon substrate 31, and the polish head 32. By processing 
the rotation speed of the acquisition timing of the signal from each detection head section 34, and a silicon substrate 31, and 
the revolution radius and speed of a silicon substrate 31 by computer, the thickness-measurement point on a silicon 
substrate 31 can be identified correctly, and it becomes possible to measure the thickness not only in the thickness of the 
average on each periphery on a silicon substrate 31 but each point on a silicon substrate 31. the thickness distribution on 
the obtained silicon substrate 31 — a basis — by controlling the pressure put on ****** and each polish head 32 Only not 
only in the film deposited on the silicon substrate 31 which the film on the flat silicon substrate 31 did not reach for saying, 
but curved in a convex or concave It can grind evenly in the form where the film deposited on the silicon substrate 31 (for 
example, silicon substrate 31 from which the center of a convex or concave has shifted [ center / of a silicon substrate 31 ] 
even when a convex and concave have curved) with the shape of more complicated surface type also curved in the 
configuration of silicon-substrate 31 front face. Furthermore, since it has covered with the polish head 32 densely, polish 
speed can be raised sharply. 

[0030] In addition, in this example, although the pressure put on each polish head 32 as the method of the polish speed 
control for each polish head 32 of every was changed, the polish speed by each polish head 32 is controllable also by 
changing the rotational frequency of each polish head 32. Moreover, the polish speed by each polish head 32 is controllable 
also by controlling the amount of the slurry supplied to a wafer from each polish head. Moreover, the polish speed by each 
polish head 32 is controllable also by equipping each polish head 32 with a heater, and controlling the temperature of the 
aforementioned heater. Furthermore, the polish speed by each polish head 32 is controllable by combining two or more 
control of the temperature of the pressure put on each above-mentioned polish head 32, the rotational frequency of each 
polish head 32, the amount of the slurry supplied to a silicon substrate 31 from each polish head 32, and each polish head 32. 

[0031] It is grinding in the above and examples 1, 2, and 3, acting as the monitor of the thickness of the film on a silicon 
substrate, while grinding in any case. The thickness detection in the case of an uneven pattern being formed in a silicon 
substrate and having deposited the film on it is comparatively difficult. Next, the thickness detecting method used by this 
example is shown. As shown in drawing 4 , the substrate which formed the polysilicon party turn 102 with a height of 1 
micrometer on the silicon substrate 101, and formed the silicon oxide 103 with a thickness of 2.5 micrometers on it is 
ground. Target remnants thickness is on a polysilicon party turn, and may be 0.5 micrometers. 

[0032] The spectrum of the reflection factor of a substrate is measured by the usual method learned well, using the white 
light sources, such as a tungsten lamp, as the light source. Drawing 5 (A) and (b) are reflection factor spectrums acquired 
from the pattern of drawing 4 . In this example, the range of 1 .5 to 4eV was used as energy of an incident light, energy — 
increasing — ** — in this energy range, increasing, while the reflection factor which is not vibrates originates in distribution 
with comparatively large silicon substrate 101 of a ground and polysilicon party turn 102 being shown, although distribution is 
not shown for most refractive indexes of a silicon oxide 103 About what carried out the Fourier transform of the spectrum of 
drawing 5 (A) and (b), it is drawing 5 . - It is shown in (A) and (c). However, in drawing 5 (A) and <c), after taking the square 
of the absolute value of the complex spectrum acquired by the Fourier transform, it is interpolating by the 3-dimensional 
spline curve. The horizontal axis of drawing 5 (A) and (c) is the dimension of the inverse number of energy. In dramng 5 (A) 
and (c), thickness is the same on a level difference and under a level difference, and in this energy range, since the 
refractive index of a silicon oxide 103 has almost no distribution, the single peak appears. That the horizontal axis is a value 
with one or less very large portion is a thing resulting from distribution of DC component of drawing 5 (A) and (b), and the 
refractive index of silicon depended on a signal with a long period very much. If it assumes that the refractive index of a 
silicon oxide 103 does not have distribution, it can ask for thickness using the following formula 1 from the position of the 
peak of drawing 5 (A) and (c). 
[0033] 
[Equation 1] 
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[0034] From drawing 5 (A) and (a), polish is started and the reflection factor spectrum and its Fourier transform at the time 
of changing into the drawing 5 (B) and (a) state are shown in drawing 5 (B). <b), and drawing 5 (B) and (c). In this stage, only 
the film deposited on the level difference is ground, and since the film deposited on the bottom of a level difference is not 
ground, a peak is divided in two corresponding to each thickness. The peak from the film deposited on the bottom of a level 
difference is located in the same position as drawing 5 (A) and (c), and the peak from the film on a level difference is shifted 
to the one where a value is smaller corresponding to having been ground and having become thin. 



[0035] A reflection factor spectrum and the Fourier transform as shown in drawing 5 (C) and (a), when polish furthermore 
progresses and the height on a level difference is in agreement with the height under a level difference are shown in drawing 
5 (C) r (b). and drawing 5 (C) and (c). Although the signal from the film deposited on the bottom of a level difference is located 
in the still same position, the signal from the film deposited on the level difference is further shifted to the direction of a low 
value. 

[0036] A reflection factor spectrum and the Fourier transform as shown in drawing 5 (D) and (a), when polish progresses 
further and the film on a level difference also grinds the film under a level difference are shown in drawing_5 (D), (b), and 
drawing 5 (D) and (c). Since the film deposited on the bottom of a level difference is also ground, the signal from the film 
deposited on the bottom of a level difference is also shifted to the direction of a low value, and the signal from the film 
simultaneously deposited on the level difference is further shifted to the direction of a low value. That is, the moment that 
the film on the level difference lower part begins to be ground can be correctly grasped by always acting as the monitor of 
the Fourier transform spectrum. 

[0037] Polish progresses further and the reflection factor spectrum and its Fourier transform at the time of reaching target 
remnants thickness, as shown in drawing 5 (E) and (a) are shown in drawing 5 (E), (b), and drawing 5 (E) and (c). 
[0038] As mentioned above, even when grinding the film deposited on the substrate which formed the uneven level 
difference by advancing polish, always acting as the monitor of the position of the peak after the Fourier transform of a 
reflection factor spectrum, and converting into **** thickness by the formula 1, it can act as the monitor of the absolute 
value of thickness, and the terminal point of polish can be detected correctly. Incidentally, the sampling period of the 
spectrum after the Fourier transform is difficult for identifying a peak position with a sufficient precision depending on the 
measurement energy range of a reflection factor spectrum, when a measurement energy range is narrow. In this example, 
after taking the square of the absolute value of the complex spectrum acquired by the Fourier transform, it interpolates by 
the 3-dimensional spline curve, and the work which reads a peak position correctly is carried out. it is in measuring range, 
and when not changing a membranous refractive index, it is possible to calculate the absolute value of thickness in the 
precision of about about 0.05 micrometers. 

[0039] In this example, although the level difference showed one step of case, the thickness method of detection of this 
invention can be applied, not only when a level difference is one step, but when a level difference is two steps of three steps. 

[0040] In this example, since it is necessary to measure thickness on real time, the combination of a spectroscope and a 
multichannel light sensitive cell is needed for measurement of a reflection factor spectrum, furthermore, the case where a 
certain pixel arranged to ** on the other hand is used for the luminous-intensity detection by which wavelength 
decomposition was carried out with the spectroscope since the pixel is arranged [ rather than ] by two-dimensional using a 
single dimension light sensitive cell like a tie ODO array as a multichannel light sensitive cell by the CCD camera with 
desirable using two-dimensional detectors, such as a CCD camera, — already — the array of one direction can be used for 
other uses In the examples 2 and 3, since it is characterized by grinding acting as the monitor of the thickness in respect of 
the plurality within a substrate side, two or more single dimension light sensitive cells arc needed. By using a CCD camera, 
work equivalent to about the same poor thing as plurality can be performed for a single dimension optical detector by one 
element, and a large reduction of curtailment of cost and equipment size is attained simultaneously. Moreover, since a single 
element is used, the precision of the detection thickness between each thickness detection head is sharply improvable. 
[0041] 

[Effect of the Invention] It will be as follows if the effect acquired by the typical thing among invention indicated in this 
invention is explained briefly. 

[0042] It is possible to always grind the desired amount of polishes, without being influenced by aging of a polish head since 
it is possible to detect the thickness of the film always deposited on the substrate during polish according to this invention. 
Moreover, since the space on most front faces of a substrate is exposed by using a polish head sufficiently smaller than a 
substrate, while grinding the thickness distribution within a substrate side, computing on that spot is possible by using the 
thickness detection equipment which was made to move the detection head section of thickness detection equipment in a 
substrate top, or was equipped with two or more thickness detection head sections. Based on the thickness distribution 
within the aforementioned substrate side, it becomes possible by controlling the aforementioned polish head to also grind 
uniformly the film deposited on the substrate which curved how. That is, when grinding only a periphery preferentially when 
the substrate has curved in concave, or having curved in the convex, it can prevent grinding only a core preferentially. The 
fall of the polish speed by using a small head by using further two or more polish heads is prevented, and a polish speed of 
the same grade as a conventional method can be obtained, having the feature which was excellent in the above. 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is the plan showing some polishing equipments used for implementation of the polish method of the 1st 
example of this invention, 
(b) is this cross section. 

[Drawing 2] (a) is the plan showing some polishing equipments used for implementation of the polish method of the 2nd 
example of this invention, 
(b) is this cross section. 

[Drawing 3] (a) is the plan showing some polishing equipments used for implementation of the polish method of the 3rd 
example of this invention, 
(b) is this cross section. 

[Drawing 4] The cross section of the substrate which deposited the silicon oxide after forming the level difference of contest 
polysilicon on a silicon substrate 

[Drawing 5] (A) grinds the state before polish and (B) grinds 1 micrometer (C) after 0.5-micrometer polish. The state at the 
time of the state from which the substrate front face became common, and (D) grinding 2.0 micrometers (E) after 0.5- 
micrometer polish, and reaching target remnants thickness is shown. It is the spectrum view which asked for the square of 
an absolute value after, as for (a), the substrate cross section which polish follows on progressing, and (b) carried out the 
spectrum view of the reflection factor of a substrate and (c) carried out the Fourier transform of the spectrum of the 
reflection factor of a substrate, and was interpolated by the 3-dimensional spline curve after that. 
[Drawing 6] The cross section showing some conventional polishing equipments 
[Description of Notations] 

11 Silicon Substrate 

12 Polish Head 

13 Substrate Maintenance Turntable 

14 Head Section of Thickness-Measurement Equipment 
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[0 0 2 7] 03JCB:, *3Elfi«T?HH 6ft3flfBSfi 
fflg35#^£tlT^.5„ 03 C:fc^Tf3H§3 3li*S« 



> ^©^ !> £ b Jc <fc t) flH^* - > bfc&ilifta 
£ffofcSg2 0 0nuD©i/U3>i«3 1#, fcirxJi 
K£K*fcJ;!)g^f;*ftT^.5„ -*y'j3>iS3 1 

<D±mvn±mwL<Dwm^ y f 3 2 y 3 >&k 3 1 © 

» K3 2©ilgtt, Tzt7L\t4 Owmmttho HJS^J 
l*<fctf2 ii&H&tK ffl*ffl8H8^y K32&S&© 

3„ fffg&Ji, ffl^OWB^y K3 2©4 J 't>8flfr<3S''J 
3>*«3 l©Jlffi£ft$&;*tl3o ^-WgiglPM 3 2 t 

mm^v H3 2©-rttttt, jup^ai^©^tBgp3 4 

[00 2 8] ftt, :r©$£B£ffl^T0WB£<fc-5¥JS 
^b©^Ji*^So ^tRft^f^-V^-^l/S 3±tg 
itfei' y 3 >*«3 l ©iffltc, y 3 >Sfi 3 1 ± 
t**B»fttife«»©W»^y F3 2*ffig^-&Sfc 
hfctc, 1^0fgA>yK3 2^gft?-B- > ^>y3>a 

*3 i©±s*ws-r?> 0 mmofgs ^mmmonm^ 
-ohbx, sfi«^-^;i/3 3^ae©^?>-r& 

m-tPSfS. Wg©^©WHSiJi:bT«±, fetxtf 
Tk^ft^t^^-a-, KOHJfto-cfir^AytttPH 

■WS*lfcfc©#/8V^ft3. Sfe, WB^yK3 2© 
WgffiiC{± % fcfc^.«#y F^gg^tUT 

®^tbTfliv^^>nso ig*, ^>yu>atg3 1±© 

^jK-f >bTf©KJPtt«R©«a'\y HSP3 4$*ofc 

ti, 3>ifa-^{i^y n>£|g3 logefeiV^te 
©^-^^^^a^^^f >b©^>U3>S«3 1±T'© 
feaSrtt^b, ^«j3>ati63 1 ±T*©K)P^7 ; -^ 
^y/M-f AT'^ttJ^So 3>tTi-^(i, lulB^JP 
fl-*7*-^**i:k:, «*©ffi»^y F3 2C4»tt.5*S 
a^^-fb^-s^tf^^y 3>*tg3 l^TOtffs-r 

[0 0 2 9] #H»Jfc: itl«H»J 1 * cfctf 2 PI 
Ifr-^*flA.«y K3 2©3>hD-;i/SBt7-f — 

KMy^frcm^fcg), Bfa©au»jp-cEaifcw 

3 1 J: D+#/J*SHffi*'\y H 3 2 5^«/$-B"r, 'J 
n>^«3 l±©fe?>(iigt:H^TS^i:k:J:?), v'j 
3>S«3 liCBfl'sy b'3 2 tll'Ny h' 3 2©P^ 

45. S&tH^y b'gP3 4iP6©fi§©^f»^-f 
fc^»jn>a«3 loete^br-Hijiijcvyavss 

fctit)» y'J3>IS3 1 ±©WPM«3jf-f >h*I 



±T?©¥i9©BJP©*&&-*\ ^>U^>S«3 1±©^ 

^>hT-©jgjf*s^-rs^i:Aspitit^ao *#*>ft 

H^y K3 2 t*{tS£Eij*^>hn-;i/1-S^i:t:«fc 

*fettD3CK-pfe5/ 'J 3 >g*£3 1 ±iCii«bfeM©^ 
it)«*«:SlliJgtt**ofc5/U3>a£«3 1 
(fc £ A«0^>IH©S ^ 5»£T* * firfcH© rf«& # 
i/'J^>*«3 1 ©*i&*?. -Tivt^4«t 5 42/ U^> 
&K3 1) ±t«*bfeKt»» '>'J3>*«3 13199© 

ti> IIa-v K3 2 t«C«SB»T^Sfe», WSSI 
C ffi » 3 - i: #T* t S . 

[0030] *sat«c*v^-c «*©8»^y 

K3 2^J:©WB3SjKfflffll©^Si:bT, ffl^fflfflS-^ 
y K3 2C*lt5£E***fl3**fe^ «*©ffi»^y 
K3 2©Hllgic4^b$-B-SC:i:ic t }:oT i &ffl^©WS 
^y 1*3 2tiSWSi$lt4zi>bD-;i/-rs^i:As-?? 

•5* ? V-©g£3>ha-;i/-r.5 fl§ 
❖OBfiAy H3 2t«tSWB««*3>hD-^-r« 
Clii^-r-tSc ffi^©WS^y K3 2fcfc-£- 
£<!;?., B5f3k-#-©S8£;i> bo— 

hD-^-TSC^/^T-^So £*>fcB\ ±IBffi*©flf® 
^y F 3 2 C*>ftSffi^ M^OWB^y F 3 2©@ft 
», ffl^fflWS^ y F 3 2 *y >J n >ftK 3 1 

y K3 2ti§W^a*^>ba-;i/-r5ii:* 5 -C*t 

[0 0 3 1] ±83, 2, 3C*V>T, t>-rn 

©»£*»«**: 5/ U 3 >*tR±©Ji©WP* ; E=^- 

u&a^flfB^fcc&o-t^a. *>y 3>a*gcAiH]^ 

h 

— x c x A 
e 

d = 

2 x n 



jp*fcm»£*-r<, H4c^-r±3fc» >>';3>*«io 

JfRU *©±CjP£2. 5//m©i/U3>^bJHl 0 3 

[0032] ^tmtLrtztn^y^x^y^yy^ 
t'(D&&%m*m\ «k<»6nTv»5a«ffl*»cj: 

>K *«©Sft^ffl*^ Wl^SJ^-TS. 05 (A) 

(b) ttH4©^^->frft#6nsS»*^^^h;i/ 

1. 5 eV*»6 4eV©|BH*JBVvfc. x*;i/=?-#ig 
ilP-rsCfc**:V>Rlt45#fil!Hy36:#t,Jgj6olyT^*© 
HU ^©x*;i/^-«HTfttx ^>J3>Kfliill 0 3© 

*i o i*m | j*/'j3w^->i o 2#it®i$* 
sv^K*^-rcj:tieEg-rs. 05 (a) (b) ©x 

Wl/%7"-yx*UH/;fe*©^ 05- (A) 

(c) tU»t. fc£U 0 5 (A) (c) T-ii, 7- 
yx*JfcfcJ;i)fffcftfe**R*'^ Ml/©«ft*Mt©2 

T^So 0 5 (A) (c) ©flMttttx*;i/¥—©aMR© 

?M ^O^aVC^-oTl^o 05 (A) (c) 

Tv 8a±fcS!STTfltJP#H&-ca!K C©x 

^;i/^r-l6HT*{i^ y zt ymm l o 3 ©H#f*tt'ai: 

«**«lJBlT©»«-* s *»t:*&o«[S:&-3TV^S© 
0 5 (A) (b) ©DC$7>f\ ^y^VOJBJf* 

©^»fcjeH-rs*»tjajH©fi^M^tJ:a*©tf* 

a. *y>j3 vRfcK 1 0 3 ©JB*r*##tt**&fefc^ t 
(Rfc-fS^ 05 (A) (c) ©K-* ©ffiB.fr 6T8B 

a i *hvvcbj***k>4 c t #t- § « . 

[0 0 3 3] 



d : Rj? 

h:-fyy^^m 6. 62618e-34(Js) 

c : nQ$>T'(DM& 2. 99792458e8(i/s) 

e : fl=f-<D%fi 1. 60219E-19(C) 

[0 0 34] 05 (A) (a) 0 i:f£D7-Ux^M0 5 (B) (b) , 05 (B) 

5 (B) (a) ttS§t^ofe«^©, £ft$*^b;U (c) tgf. C©S®T'tt, SM±C«i»b*:^©^ 



-F\zmm\.tzmii>t>(D¥->7&m5 (a) (c) tmt 

ffiBCfflBU ®lt±©igfr£©e-^fcj:gfg£ftiS< 

[0 0 3 5] $t>£.m%WmfrM5 (C) (a) ©«fc? 

$^h;i/i:-f©7-'Jx^i5 (C) (b) , 
05(C) (c) C*-f- aHTC««bfcM*6©M 

fcMfr60S^tt££tffilMI©7jlC->7 bbt^S. 

[0 0 3 6] fflg#£££il#05 (D) (a) ©£5 
C, ®ll±©«*g«T©K*fflfibfc»£©Rltt5X 
Wl/fc*07->;x£g|£05 (D) (b) , 05 

(D) (c) twt. K3ITfcii«bfcIt%W«3*vt 
V^SfcKK KiSTC*«bfciW»&©fi^*s ffiWi© 
£t*>7 h U HBSCg^±fcJ«abfc*lfr£©ffl*tt 

So 

[0 0 3 7] WJi#$6tjt#, B5 (E) (a) ©i 

dtg*©aLii»tabfc»^©, sit*;*i*wi/ 

J:*07-'Ji*||tB5 (E) (b) , 05 (E) 

(c) iZ^to 

[0 0 3 8] JW±©J;5ts Hff*X^ h^7-'J 

Slft«©^^b;i/©-!J->7*U>^HIHtt» 
^^©Mjex^i/^-teilfcttffU Mjgx*;i/¥- 
«H#*^SteHu tf-*eS£*»K<fc < HS1--5©fi 

*»X^*h;U©tt#fit©2ili*fc-3fc&, 3*^cX^ 

JR5i**LT*iK S5£l&BF<3T-j8i©B«r*#^l&b 
fcH»£HU »0. 0 5jumfijS©f»JtriWP©l6#fil 

[0039] *njsfi»jT-tt. ag#-a«w-©»£** 

[0 0 4 0] #*JfiflC*lrVCHU WPfcimi^-f A 
«is ^^^•x'^f-^i'V^^^iiJS©^^)!) 5 * 
94 *- Y? V-©«t 5 fc-*7n#tftlB«*flI^« «t 0 

*» ccD*^7ft^©2*7cfttas*fflv^5^fc#a 



SlyV^CCD*^7-ettH*tt2*7ctS5«J**lTV^5 

#:>feg§£<fcs&ft#»£ftfctt©&s&tijt, & 

*JSfll©BifcfcflI^5£i:i J 't?t?i. H5B^2, 3f 

TcftUMoaiMweife <& © t mmom s s-*^ -ctf 

£i§!l$fc>i^-r£o *-©J*F*H^6fc». ft 
KJPfcm^y FH©»ffl!W©»ft*, *«B(cK#-T5 

[00 4 1] 

a»ft*©fc«toTfJ«.*i4»**«#t:»9i1-*itfT 

l3©iiOT-$.5o 

[0 0 4 2] *»«CJ:n«, fflg*K?irfc:g«±fc:« 

»ufeK©j»Pft*m-ra^i:#wfl6-e*sfe»» 

K©efif*fl3t***H*ifcfi:< % Stf?rS©gf 
BSfcSfjrracifcffRJtB-e&S. St, 

doSH#«fflbT^«fe», §IJP«t{BigS©&aj^>y 

H»*««±**»**a*x * b < t±«gst©njwfcaj 
imBrt©MJP#**ffl«*fc*©»T?*ffirac:fc#W 

S£fcfcJ:SWBjME©<ST*l»Jl:U ±ffi©ftttfe» 
t^SsfcB«ft©»Ffiaut**l3;:f: 

[0ffi©1S#£l&tE] 

[01] (a) tt#8EO!g 1 ©*Ii0iJ©fflB7j £©* 
(b) ttPiffiiSia 

[02] (a) it^mm(Dm2(omm](Dmm^m(Dm 

(b) l±P»ftB0 

[03] (a) l**ftH09 3©£ffift|©9fB#&©g 
(b) ttfttfiBH 

[04] ^'J3>S*6±C5BU^U3>0SSI*^J(RI/ 
fctftx V ^ >SftjK$*i* bfc*«©8rffl0 

[05] (a) \mmm(DVtm. (b) ao. s^mw 

B& (C) ttlit/mWBU ««»iStf¥C*-3fctt 
ffi, (D) {±0. 5//mf6t, (E)tt2. 0/tml 



fzm^ o — & o c 



imm#mt$£t&teo&m%iffim. (b) 1 1 

Y>m> (c) J±S«CDH*t*<Z)X^ h 1 2 

;i/*7-Ux|Elftbfea, tt#tt©2*4#». 13 

3«s^r5>f >ffl«ti&liHbfc^^h;i/ia 1 4 

[0 6] se*cDsKuy^>>^*a0--s4S"r»fBSia 



[HI] 



[02] 



[04] 
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,io3y»§MfcBi 

101 /'J3>St5 
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